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(54) Laminated structures of sintered ceramic material, electrochemical cells, f ilters and process 
for producing such sintered laminated structures 

* * v.„i. o ni. i different from one another, wherein each of the ceramic 

(57) A sintered laminated structure includm , a £u- ^1™]™™^ with through . h oles (4,5) passing 

rality of ceramic layers (2,3) made of ceramic materials layers is provraea wiu. y 

' through it. 
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Description 

Background of the Invention 
(1) Field of the Invention 



electrochemical ceT^ a^^^^^^ *"« » ^ 'aminated structured 

cells. The invention also related w^Vn^ H ^^' 8 Ce " S ' ° Xy " n pUmpS| and NOx decomposition 
ica. cell using sth a sTnSfa^ 



(2) Related Art Statement 
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gether. Since the substrate is thick, diffusing resistance at which a gas diffuses in the substrate is large.and polarization 
is great. Consequently, this leads to reduction in the electric power-generating performance. Furthermore, it has been 
clarified that similar problems exist in the case of an electrochemical cell other than the solid oxide fuel cell, for example, 
a high temperature steam electrolysis cell. 

Summary of the Invention 

• It is therefore an object of the first aspect of the present-invention to provide asintered laminated functional ceramic 
• structure for use as a ceramic filter or for a solid oxide fuel-cell, in; which functions possessed by ceramics can be 
10 enhanced, the weight of the sintered laminated structure is reduced a/Klthe structuraUttength of jhe sintered laminated 
structure is increased. The present invention also relates.to a procejssffor prQducing,such a sintered laminated structure 
as well as to an' electrochemical cell using such a sintered laminated structure.': ic 1 . - " c : 1 

The first aspect of the present invention relates to the sintered, laminatedjstructure, comprising 3 plurality of ceramic 
< layers being made of ceramic materials different from one another, where,irii;eacr)^of theioeramic layers, is-provided with 
15 through-holes passing said each of the ceramic layersc .: r • . .or- ; : iv-v^-o iv «,l j* 
Preferably the through-holes extend in each layer parallel to an interface between the layers. 
The present inventors reached a new structure that the independent through-hpjes are, formed in each of the 
ceramic layers constituting the sintered laminated structure. As a result, the functions possessed by the ceramic ma- 
terials can be enhanced, the weight of the sintered laminated structure can be reduced, and the structural strength of 
20 the sintered laminated structure can be improved. ^ ^ ; %j ; : 1 ; . 

More specifically, when the sintered laminated structure is used as a ceramic, filter for a filtering .device, filtering 
resistance is small, filtering efficiency is improved, and a large.amountof liquid can be treated in a short time. Further, 
the weight of the filter can be reduced by the provision of the through-holes... Since.the independent or closed through- 
holes are formed in eachj of the, ceramic layers, Ihe structyraLstrength can be feepMiigh , . , v : < 
25 On the other hand; when .the ;sinte,red laminated structure is a sintered laminated structure. having a planar shape 

for an electrochemieaJrcelr and^is provio^d^withan electrqde.'layerrancl.a separator, layer, the* gas-diffusing efficiency 
inside the electrode can be enhanced and the electrode reaction can be activated by the provision of the through-holes 
- in the electrode layer. As a. result, indthe caseiof the solid oKide:fueLcell, the.power-generating density is enhanced. In 
thecase otlhe steam electrolysis cell, electrolysis efficiency is improvecBm addition, the cooling effect of the cell can 
, 30 tfe improved?and thatemperalure of the ceHcan be made uniform by the provision of the through-holes in the separator. 
Furthermore, the celt can be made lighter by the through+holes ; without deteriorating the strength of the structure. 

It isan object of the second aspect of the present inyentjon to ultimately provide an electrochemical cell comprising 
a self-supporting type substrata- constituting one of electrodes of the electrochemical cell,. a film of a solid electrolyte 
formed.on the substrate, and the other electrode Jormad on tha solid electrolyte film: wherein the internal resistance 
35 and polarization of the electrodes are^decreased to. realize both improvement of;the mechanical strength of the cell 
and reduction hritsoweighk ; c: <ov ■.:<. - ^ : c'-jw . . .i: : - . * 

The second aspect of the prasentrinwenition relatesto a sell-supporting type substrate for an electrochemical cell, 
said substrate comprising, at leastrone of eJectrddss; ot,the electrochemical cell and having a honeycomb ceramic 
structure^ said' honeycomb ceramic-structyfe!.compr^ag a vyaH portion on which a film of a solid electrolyte is to be 
40 formed, and said wall portion having a thicl^ess£0i:0;5-rr]mjor less. - * 

The second aspect of the presenUnvention also relatesto an electrochemical cell comprising the above substrate, 
a film of a solid electrolyte formed on this substrate, and the other electrode formed on the film of the solid electrolyte. 
. The second aspect of the present invention also relates to a process for producing a self-supporting type substrate 
for an electrochemical cell, said process comprising the steps of preparing a first body for forming a ceramic layer to 
45 . constitute one of electrodes of the electrochemical cell and a second body for forming another ceramic layer to constitute 
an interconnect forming a molded body by simultaneously feeding said first and second bodies into a die to form a 
honeycomb ceramic structure, and firing the molded body, wherein said substrate comprises at least one of electrodes 
of t ne electrochemical cell and having the honeycomb ceramic structure, said honeycomb ceramic structure comprises 
said at least one of the electrodes and an interconnector as well as a wall portion on which a film of a solid electrolyte 
50 is to be formed, and said wall portion having a thickness of 0.5 mm or less. 

The present inventors reached a technical idea that the electrode substrate was formed by a honeycomb ceramic 
structure, actually produced unit cells and conducted electric power-generating tests for them. As a result, even if the 
thickness of the walls of the honeycomb ceramic structure is made smaller, given mechanical strength of the honeycomb 
structure can be maintained, and the weight of the unit cell can b reduced. Further, the internal r sistanc in the 
55 lectrodes can be reduced, gases can be fed to a reaction site at higher efficiency, and polarization can be reduced. 
Thereby, electric power-generating performance per unit cell can be further improved. The pres nt inventors reached 
the present invention based on the above confirmation. 

In the present invention, the substrate can be constituted by only at least one of the electrodes, but the substrate 
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may be constituted as a laminate of at least one of the electrode and the interconnector. 

The electrochemical cell according to the second aspect of the present invention may be used as an oxygen pump. 
Further, the electrochemical cell according to the second aspect of the present invention may be used as a high tem- 
- perature steam electrolysis cell, or in a hydrogen producing apparatus or a steam removing apparatus. In the latter 
5 case, the electrode reactions mentioned below occur. 

Furthermore, the electrochemical cell according to the second aspect of the present invention may be used as an 
NOx decomposing cell. What is described below in connection with theuse of the electrochemical cell according to 
the first aspect of the present invention as the NOx decomposing cell may be applied to that according to the second 
aspect of- the present invention. - 
io ■ . .. : . • • • • ' .. • . 

Brief Description of the-Drawings V 

For a better understanding of the invention, reference is made to the attached drawings, wherein: 

' Fig. i -is a sectional viewfor illustrating a ceramic filter 1; 1 

Fig. 2 is a partially sectional view for outlining a state in which the filter bt Fig: 1 is set in afiltering device; 
Fig. 3 is a schematic view for illustrating a state in which a laminated body is extruded by simultaneously feeding 
a body 15A and another body 15B into a single extruding die 18; 
Fig; 4 is a front view for outlining a filter as a comparative example; 
2° Fig. 5(a) is a front view for outlining a sintered 'laminated structure 32 for an electrochemical cell as another em- 

bodiment of the present invention, and Fig. 5 (b) is a'front view for illustrating a cell 31 A; 
Fig. 6 is a front view for outlining an electrochemical cell 31 B as a further embodiment of the present invention; 
'■' Fig. 7 is a front view for outlining an electrochemical cell 58 as a stiil further embodiment of the present invention; 
Fig. 8 is a front view for outlining an electro chemical cell 62 as a still further embodiment of the present invention; 
25 • Fig. 9(a) is a front view for illustrating a sintered laminated structure'for an electrochemical cell as a still further 
■ embodiment; Fig. 9(b) is a front view for illustrating a cell 31 C, and Fig: 9(c) is a sectional view of the cell 31 C; 
Fig. 10 is a view for schematically illustrating ah electric power-generating apparatus or the electrolysis testing 
apparatus used in experiments of the present invention; ■■■ ■ 

Fig. 11 is a view for illustrating a vicinity of the electrochemical cell in the testing apparatus of Fig. 1 0 in an enlarged 
30 , scale; - ' - <■.■":.•:.• - . . r . 

Fig. 1 2 is a schematic view for outlining ah electric power-generating apparatus used for testing the electric power- 
generating characteristic of the unit celi shown in Figs. 9(a) to 9(c); 

Fig. 13 is a front view for illustrating a tubular; according to an embodiment of the second aspect of the present 
invention; '. 
3s Fig. 1 4 is a front view for illustrating a unit cell according to another embodiment of the second aspect of the present 
invention; 

Fig. 1 5 is a schematic view for illustrating an apparatus used to test solid oxide fuel cells as viewed in a longitudinal 
direction; 

Fig. 16 is a schematic view of the apparatus as viewed in a width wise direction; 
40 Fig. 17 is a sectional view for schematically illustrating an extruding apparatus to be favorably used in producing 
the substrate as shown in Fig. 14; 

Fig. 18 is a front view of a unit cell produced as a comparative example; and ' 
• Fig. 1 9 is a graph showing the voltage-current density characteristic of high temperature steam electrolysis cells 
as an invention example and a comparative example. 

4s ■> . . ■ 

Detailed Description of the Invention 

In the following, more specific embodiments of the first aspect of the present invention will be explained. 
The sintered laminated structure is preferably in an elongate shape. More specifically the longitudinal length of 
50 the through-hole is set at preferably not less than 2 times, more preferably not less than 5 times as large as that of the 
through-hole in a direction vertical to the through-hole. 

A process for producing the sintered laminated structure according to the present invention is not limited to any 
specific one. Howev r, a molded body for the above sintered laminated structure can be produced by obtaining a 
molded body through simultan ously feeding bodies for respectiv ceramic layers to a di and int grally firing the 
55 molded body. 

According to the above producing process, laminated structures having various sectional shapes can be produced 
by changing the configuration of the die. Further, an elongate product (for example, 1000 mm in length) can be pro- 
duced. In this process, the number of the producing st ps can be largely reduced. 
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If the shape of an inlet is designed to be circular, the die can be easily. worked.The shape of the inlet of the die ,s 
appropriately designed so that the bodies may easily proceed in the, die. As an extruding mechanism for exlruding 
each of the die in the die, a plunger or avacuumpugmill-may.be used.. " • ' 

|f an aqueous binder is used in the.body, it needs not be deaerated unlike in the use of an organic solvent. Ac- 
cordingly the producing equipment may be simplified, and the molded body extruded from the die is.unl.kely to be 
bent in this case, the content of water in the.body is preferably, in a range of 10 to 20 wt%. Further, as the aqueous 
binder, polyvinyl alcohol, methyl cellulose and ethyl cellulose maybe : recited. ' . _ > • ■ . 

Further it turned out that the molded body is likely.to be .bent .in extruding the molded body. That is, the flowing 
speed of the harder body tends to be smaller on extruding, whereas that of the softer body tends to.be larger. Due to 
this difference in the flowing speed, the molded body was bent or warped as the molded body ^^^^ 
of the molded body. Further, due to the above difference in the flowing speed between the. bodies, the interface between 
them was positionally deviated. „» m „, Q 
On the other hand, it turned out that hardnessof a body preferably differs from that of; an adjacent one by not more 
than 2 so that the molded body may not be bent, the molded body may be straightly extruded, and the interface of the 
adjacent green molded bodies may not positionally deviated. Hardness referred to here, is hardness measured by a 
. standard set for a NGK clay hardness meter. - ; ^ - nrrior in r ^,. n 

- ' it is often difficult to finely adjust the.hardr.ess of actual bodiesin an actual. producing process,. In order to contin 
uously feed each body into a single die. it js possible thai a body to constitute a first,green molded bodyis pushed to 
the die from a first extruding mechanism, and another body to constitute, an adjacent green molcjng body is pushed 
to the die from a second extruding mechanism, .Thereby, it is possible that the extruding speed and the extruding 
pressure of each of, the bodies through the .first and second extruding mechanisms are mechanically appropriately 
adjusted so that the laminated body may be prevented from beingbent. ■■ ' . - .. . e . 

. in the present invention, in case of a filter whew*, a liquid Medio an inner layer and a filtered l.qu.c he discharged 
from an outer byer, silica, alumina, mullite,.zirconia, spioelrsilicpn .carbide, and cordierite may.be. recited 1 as a material 
for constituting the outer layer,pf,the filter, The, average , pore diameter is preferably 1 to 10 um and the porosity » 
preferably 10 to 70% Asamaterial.forconstitnting.the.inner layer of the filter, , silica, alumina-, mullrte; z.rconia, spinel 
silicon carbide and" cordierite may be recited. The material of the,inner layer.rnay: be identical iwrth- or different from 
that of the outer layer The average pore diameter of the inner layer is preferably 5 to 200 urn, Jn true case, the avenge 
.. pore diameter of the inner tayer is greater than, that of the outer layer The. porosity of the inner layer .s preferably 20 
to 80% In the above, if the construction is reversed between the inner layer and the outer layer, the hqu.d can be fed 
to the outer layer.side, whereas the filtered.liquid.can be,discharged .frpm.th& inner , layer side. 

As the electrochemical cell to which the. present invention may be applied- an oxygen pumpmay be reeled. 
This cell may be used for a hydrogen-producing apparatus or.a steam-removing apparatus. In that case, the fol- 
lowing reactions occur in each electrode. 

Cathode: . H 2 0 + 2e" -» H 2 +0 2 " 



40 



Anode:'.' 1 ' /P* ~* 2e" +!1/2 °2 



Further the present invention may be applied. to the NOx decomposing cell: This decoriposing cell 
as a purifier for exhaust gases from automobiles and power generating apparatuses. At P^-^^^^ 
gascL engines is now being coped with by means of.ternary functional cata^sts. However, ^J^^^^ 
45 consumption type engines such as lean burning engines or diesel engines, the ternary function catalyst will not work 
well because the content of oxygen in the exhaust gases from these engines is large. • 

If the electrochemical cell according to the present invention is used as an NOx decomposing cell, oxygen in the 
exhaust gas is removed through a solid oxide electrolyte film, NOx is decomposed into N 2 and ^>^^^ 
and oxygen thus produced by the decomposition can be also removed. Further, concurrently with the above process, 
so "eamTthe exha'ust gases is e.ectrolyzed into hydrogen and oxygen, and NOx is reduced 

In the electrochemical cell according to the present invention, both an anode such as an air electrode and a cathode 
such as a fuel electrode may bo includes in an electrode to be integrated with a separator, but the anode 's preferred. 
In addition, it is particularly favorable to join a self-supporting type anode to the separator For, wh n a laminate com- 
posed of gr en mold d bodies of th anode and th s parator is to be formed, the laminate of th self*u PP ort.ng 
ss anod and the separator is thicker and stronger, which makes handling easier. 

A main starting component for the separator is preferably a perovskite type complex oxide ^ Ini ;^ 2!' 
more preferably lanthanum chromite, because the latt r has heat resistanc . oxidation resistance, ^^jonre- 
sistance Moreover, a body for the formation of the green body of the separator may be produced by mixing an organic 
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' ^tT? Wa T i r ,0 J h , eab ° l . V "^oned main raw component As the organic binder, polymethyl acrylate nitrocel- 
1, lv^ ,ny I H°S' Ce " U,OSe ' 6,hyl Ce " U,0Se - S,afCh ' WaX ' aC ^" ic acid me.hacry.ic acid polyme 

ZL 2 SS^C ma,p raw ~ is teken as 10a an addi,ion amoL of ~ 

D rPfp«h.T?, r r COmponen, for ,he anode is P fe,erab| y a Perovskite type complex oxide containing lanthanum, more 
• rlTll 3 man9an,te ° f lan,hanUm C ° bal!i,e ' m ° St Pfe,erab,y lan,hanum man 9 anrte - La^hanum chroml 

manS e mav be S^iT?? * 88 ab ° V6 ^hanum chromite and lanthanum 

mangan te may be doped wrth strontium,- calc.um.or chromium (in the case of lanthanum chromite) or cobalt iron 

nowder rrn m '° rthe P^num-zircona mixed powder, palladiunUirconami Td 

STX^^^ m,Xe t ( p0Wd ! r ' P^num-cerium oxide mixed powder, pal,ad,um-cerium oxide mixed p OW : 
der, ruthemum-cenum oxide mixed powder may be employed 

'olatin^i^ 

£ r X eZrrsrr r? ^ 

' 9 ! rr P , f ' p ?" ad > u ™™> um ° xide ™? d P°wder, ruthenium, ruthenium-zirconia mixed powder or like 

ceramic?^ th° f d ^ m ^ ce "- the ^«ro ¥ e is particular^ preferably made of cerium oxide-based 
ceramics, and the material for the cathode is preferably palladium, palladium^erium oxide cermet 

wateM^^ ' 0rmati ° n " Xhe ™ ,<ied **» o{ thG e ! ectrode ™y be obtained by mixing an organic binder and 

lotl Tr 11 T "^T TaW COmpone * ,or ,he eleclrode - As this organic binder, those recited 

amount f <h ^ v! T * ^ the ° f ,he main raw com P°" en t is taken as 100, an addition 

amount of the organic binder is preferably 0.5 to 5 parts by weight - 

• ' 7 ,nCfe T ^ tem ° eratu ^ on firin °- As to the laminated molded body, for the solid oxide fuel cell, the 

. firing temperature is ordinarily 130P!"C to 1700°C. - . - , , 

(Experiment 1-1) 

In the following, one embodiment. ot the present invention will be explained in more detail wrth reference to the 

fn^icL?,-,; ' S 8 T'T ' T i,,US,ra,in9 3 CGramiC fiKer 1 RS 2 iS 3 Partia ' ---.view for outES^E 
n wh.ch the filter in Fig. ,1 ,s placed ,n a filtering device. The filter shown in Fig. 1 was .produced according to the 
following steps, and its performance was evaluated: *.-oraing to me 

Preparation of a starting material 

woinht'S 8 b ,°f V Wa o Pfepared by USi " 9 a ' Umina P0WdeT ' Ce!,ulose and meth y' cellu!ose More specifically. 5 parts by 
weiah of SiJ? , y . We f 1 ° f 6thyl Ce " UtoSe 20 PartS by Wei9ht ° f Water were mixed in, ° parts by 

Z 9 , nl^ h! ? P ° Wder ' 3 knaadBd Pf0duct was formula,ed b y Pacing the resulting mixture 

into a kneaderand kneading rt. The kneaded produce was placed in a vacuum pug mill where a cylindrial body A fig 

and 2 Toal b wZf f 3 ^ °" the other hand. Span, by weight o, methyl 3 

(Molding step) 

.im AT ^ in H 9 b0d K 6S B ' 3 m ° ,ded b0dy Qf 3 fHter Was produced ^ simultaneously excluding them. At that 
time an exlrudmg machine having a configuration shown in Fig. 3 was used. That is, the bodies A and B (15A and 
15B) were fed into passages 14A and 14B of molding barrels 13A and 13B. respectively. A shaft IIA of a plunger 12A 
was moved to push the body 15A toward a die 18. SimuKaneous.y with this, a shaft I.B of a plunger 12B wT moved 

nTooln f ' f t0Ward J he * 18 die 18 C ° mpriSed a " in,et P ° rtion 183 and a " o"t.e?portlnT8b.7I 
TZTl T 6re I 0 '? 6 ' ,W ° ,n,6t PaSSa9eS 1M 178 bStWeen 3 P artitio " 16 provided. The cross 

UfiZ^ELJZ !H P on Sa9 ^ ° irCUlar ^ Cf0SS S6Cti0nal ShapG ° f an OU,l6t P assa 9 e 1 9 in °"t.et portion 
1 8b is rectangular. A die cap 20 is arranged at a tip portion of the die 1 8 

that JIS^ and the pressure of each of the first and second plungers 12A and 12B are adjusted such 
hat the mo ded body may not be bent. The thus obtained molded body has a sectional shape as shown in Fig 1 
(Rrmg step) Nexl. th molded body was placed and dried in a thermostat and humidistet container. Then the molded 
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: . As shown irvFig. l> nanges / weie nucu 1 ^k^k^^i ' thp thi^ asseitibled filter 1 was fitted into a 

« M» Then, W-W**- — *"» - 

room temperature, thereby obtaining a sintered laminated body. { 

• body., .. ■ • - — • — r vJ jt-': w::;;":;;'^ : - • - ■■ 



Kind of filter M : . . . 


• treating time period (min.) 


Treated amount (cc) 


Example, Fig. 1 , 


• . 1 


200 


Example, Fig. 1 


3 


600 


Example, Fig. 1 


10 


1900 


Comparative Example, Fig. 4 


1 


180 


Comparative Example, Fig. 4 


3 


400 


Comparative Example, Fig. 4 


10 


900 



As shown in Table 1 , according to the present invention, the amount of water filtered can be remarkably increased 
wft houtdeterio^ng « H to which the pres nt invention is applied will be xplained. Fig. 5 
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between the anode layer and the separator. 

portion of the solid electrc^ f * m 56 ' ,n this a terminal end 

* 'oxidizing gas) ftioughTheL^c^^ 28 S ° ,hat Cne 9as «°< exam P |e ' 
passing along the outside of Z cell 1 A ^ With the ° th6r 9as < ,or exam P |e - a Qas) 
^ p An extruding machine as show, in Fig. 3 may be used to produce a molded body for the sintered laminated body 

• i-2n 6 ~ * «*"' — n, of *e present 
formed with a given number of throuqhioles 29B n Z r ?™ \l u * 8 S6parat0r 35 The anode la V er 34 are 
of 4 x 2 as viewed in a cross ISS^S^'S^ f ^ thr ° U9h - holes 296 are "a"** in a matrix 
that the through-ho.es 30B are arranged " "a S 2 " f ° rmed '' n * B 35 h SUCh 3 manner 

^andaseparato^rven^^^^^ 

30D are also formed in the seoarator 70 For Sli! !k «. ,he an0de layer 59 ' whereas trough-holes 

anode ,ayer 59and^ 

59 and the separator 70. - . through-holes 61 exists bridging both the anode layer 

' .weelTs™ 

f-owing an oxidizing gas Jl^^Z^™^ etC ' * - — • « ^ improved by 

through-hOles 30E. A solid 12^^^ ^^ y9r , 62, ,heSe P arator 63 » ■*> <°™d with 

surface 62a of the porous ■ n"^ * 8 ^ f " m 56 10 COver at least » 

■ the solid electrolyte TtHm 56 ' ' ™ "W™ .arnmated structure 72, and a cathode fi.m 33 is formed on 

separator is gene 2 y greate ^t£^ JJ^?" 5" ^ ,he electroch ^' cell, the resistance of the 
structure 72 1 m2^,SS^J^^ For h, s r eason , the entjre resistance Qf ^ g . . ^ 

large resistance. • 7 " 6 'T ^ ,he separator and thin ™9 the separator having a 

fron^ 

direction thereof. <• 0 •■^«>of^n M « s «| 31 C. »(o> m a^mMoftal Vlow of tfi. ooH Si 0 e«M Alona - lonaltudtau 

electrolyte film 56 is formed to cover side J^^mSI^^^ ** ^ * solid 

sintered laminated structure 38 A cathodal i ^ZT ^ 11 ^ " PPer P ° rti ° nS ° f side faces 383 of the 
formed. As shown in Fig. 9(c), a^^T^ **** *» cel. SIC is 

the through-hole 29C in the anode lavpr ^7 an n ih Q TiT separator is communicated with that of 

38. The solid .le^^^^aJiS! ^ " 9 ^J* *»" 37 iS Sma,ler than that of the 
a longitudinal ^^^^JS^^^^X 37 °" 3 ,e ™ al end •«* «™« * 
viewed in the longitudinal direction ° f ,hS Separa,or 38 at a ,erminal end s ^ as 

sh 0 ; n n ijr^E^^^jr^; fed into r ,hrou9h - ho,es 300 ° f - s « 38 - 

In the following, more concrete experimental results will be described. 
(Experiment 1-2) 
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(Production of bodies for an air electrode layer and a separator) ■ ' 

A body was formulated bycharging a kneader with 100 parts by weight of a powdery ™™^"^ U ™2 
manganite having the average particle diameter of 4 urn, 10 parts by we ig ht of cellulose. 3 parts by we,ght on methyl 
5 SutosTand 18 parts by weight of water.Agreen body of an air electrode layer havinga diameter.of 50 mm and a 
ipnath of 300 mm was produced in a vacuum pug mill by using the above body. . < 

On heotnlhid a body for a separator; was formulated by charging 3 kneader with 100 parts by weight oi a 

pow^rw^ 

cellulose and 1.2 parts by weight of water. A green body fpr-the separator.haviog a.dtameter of 50 mm and a length 
10 .. . 300 mm was produced inlhevacuum pug mill by. using the. .aboye.bo.dy. ; -, • » io • . • ■■•>■< 

(Simultaneous extrusion and firing) , ,- . ):■-.; --^ ^ '' • 

A molded body- having a configuration as shown- in fig! P r ^^^ m ^^^^Z 
is... shown7nFig.3.WWIethes P eedQ^^ 

-he body. The thus molded body, was placed and dried in a thermostat and h *^f^^ r ^'SS 
body washed in an electric furance where it waaheated up to 1550<Cat a ^^ZtZ^Zl^Z^ 
. 15 50>Cfor4hours.Then,thefi^^ 
' ' of 24 mm x 8 mm x 300 mm lW fth through holes each having a rectangular dime ^°^^ Q 4 ^ x , mm was 
so ■ The fired body comprised ol an air electrode; layer and a> separator. A sample-of 40 mm x 7 10 mm X 1 mm was 
cut ftX the iSdbody and the porosity was measured.. As a.resujt. the porosity of.lhe.airelectrode layer was 35 /„, 

W ^h^^ 

as in the above example, provided that no through-hole waff formed, m the separator , ... ' 

2S A samplo^having a d mension of 24 mm * B.mm, * 50 mm wascgt out fr,om, e ach:of th, above fired bod.es as an 

' exampteT the p'esen, invention andthe comparative tmta. and* fto + l********** atcon,a<edK. 
eeSewTs^ 
" ' Nbkel-zirconia cermet was formed on the stabilized zircpnia f^ 
placedintheelectricfurnac^^^ 
30.. invention and comparative example were obtained : ; ' . • - ' ' r ' ! ''_'' /• " ' ' ' 

. . , (Electric power-generating.test for solid oxide fuel cells) ■ : ; ■ c ■■-.>■ • .: ■ ' ■ • 

An electric power-generating test was effected by using an electric power testing apparatus schematicalty 
35 in Fiqs 1 0and 11 Each cell 40 as an example or* separative, example was set between electric, y collector ,4 
' A7 a?d Planum wires-42 43 were connected to respective.electricity collectors 41 , 47,The assembly was placed in 
a^SSS^^fm wetted by passing through a bubbler, fed into the container as shown by an arrow G, 
contacted with the a fuel electrode, and d£pharged : outside. <rpm the: container as shown, by an arrow H. 

The un?cer40 was fixed gas-tightly between;manrfclds 44, so that air is fed through one of the manifolds ; 4 L as 

-40. show^a ar^ 

Atthattime in the unit cell 31 Aas an example oftheoresept invention, a.rfed !nto the through4ioles30A of a separator 
was passed outsWe while capturing heat generated generation of efectric power and coohng the unrt cel.. Thereby, 
the temperature distribution of the unit cell in a longitudinal direction was made unrform. afmnqohers such 

It is known that lanthanum chromite used for the separator has higher resistance .n a reduc.ng atmosphere such 

45 as hvdroS However, th* resistance of the separator could be reduced by providing the thtough4io.es in 
?he seZtor and f eeding air into the through-holes, so that the resistance of the cell itself could be reduced 

electric power-generating test, since the un* cell only was tested, heal ^o a. 
through-hoL was not utilized. However, in a practical electric power generator, a number of suc£ unit cells .ate > con 
nected in series. Therefore, air is mixed with excess fuel gas. the mixture is burnt, and the combustion heat can be 

so utilized for heating a reformer or feeding hot water. A nickel plate was used as the ^ M ^^ q 

Further, the unit cel. as a compare example was tested in the same manner as ^^^.^^ 
unit cells as the example of .he present invention and me comparative example was fde^y per 

output of the unit cell under a electric power generation condition at a temperature of 1000 C. An outpul ^de nsrty per 
un t weltTs Sown in Table 2. From these results, it is se n that if the volumes of the unit cells are qual. th example 

55 7l7Z^n^ in which the through-holes wer provided in the separator had higher output density per unit 
weight as compared with the comparativ example. 
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Output density per unit weight 


Example 


a 18 W/(cm 2 .g) 


Comparative Example 


0.11 W/(cm 2 .g) 



(Experiment 1-3) 



;68 were filled betweert the'posil^e elS 
; -31 arid be'tween the unit ce! 3 ?c "and S^lTlSl n , 31 °' betW6en the ad j acent unit cells 

A fuel gas feed opening 64a was ^Sm^J^S? f " P * 6? ' then * V rea,izin 9 e lectric connection. 

opening 64b pro^rci^^Zta 1^ J C ° ntainer ' 3 C ° mbUSti ° n *» dischar 9* 

discharge opening 64b such fhaSf thP f!l £ 0x,dl2in 9 9as feed pipes 65 were fitted to a side of the 
respectLy. ? •?. ^ ^ P ' peS 65 Were Cached to ends- of the unit cells 3ic, 

arrorSSS 

' plates 66 and 67 as shown by artows L Oh the Imt h JnH f f " ^ Ce " S 31 and ,he elec,rici, y collecl °' 

. N, flown into through holes £^^^£5^12 f^w °T ,0 *" ,eed pi P es 65 as sh ™" by arrows 
charged outside from the un£s e^^^^^^ m " 6,eC,r0de ^ * 

space 77, and combustion waste aas was a J* S£ t ?, hydrogen were reacted within a combustion 
Trie above e^rici^en ^g tek SSS^^SlS^ T'" 9 ^ " ^ * 30 a ™ M 
, weight. Further, While air passed th SSlSlS-r f WaS * taed ^ ° u! P ut densit V P er «• 
perature distribution of .He^S °* ^ ^ ^P?^* a result, the tem- 

(Experiment 1-4)' 
Asl^eE" 

cell as a comparative exambie wer7or^W V h ? -f T 33 ShOW " in Rg - 5(b > and anoiher sleam electrolysis 
measured. P a ^. '"e.r hydrogen-producing rates per un* weight of the cel. were 

2. Th A eSntdSy3S t^^ST^ **** * ,hs game — - * Expert, 

was formed in a thickness of 1 ^ Zo^ itfh? ° f 8 m °' ^tabMed *™nia (solid electrolyte) 

paste was printed on tZ lZZTrttaf^TZ * USin9 3 P ' aSma Sprayin 9 machine " A 

thermae heated at 1 5^ so SeHctSt; 'T™ *" aB ~ rt * Was 

comparative example were obtLd. ^VZS^^^ST ^ ^ 

wasted toaLofthecathSeatarat ofSo 2^ 0" cortBinhg 1 ° % ° f 

Steam was electrolyzed at a current densrt^ ™' 0 3 T^^^^^Tt^^^ 
measured on an exhaust side of helium aas contains J I h„ J , °' h y dro 9 er > generated was 

hydrogen generated per unit ^^t^S^i^V^ ° 7" Chromato 9 ra P h » and lh ° «»unt of 
0.63 cc.mln.-i. g i in the steam eTectrolvsis ce Jf! h ™ f , ! reSU,, • ,he amount oi h ^ en generated was 

steam -l^c. B 8iHntS2^2 IS?^ T inVen,i ° n ^ ° 39 "•"""""a- 1 ,he 
aerated per unit weight increases. ^S^— 
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•is. 



structure can be enhanced. ~ ; ; . - n h ic honey comb structure is not ^'« ted t ^ 

- the standpoint of increasing the strength ; . . . onevcomb ^ ructure , both vertical and lateral widths of the 

of th VesentUntion. A substrate ,02 .which ^^^^^^ honeycomb structure 102 is 
« Lcture The cross sectional shape of the outer penpheral ^/a . i « . ^ . ^ pf „ near walls 

as : S ^^ not specified .irnited . to a circular . forrn. ^ £ honeycomb structure includes 

tSS*** c^np.e^^ wa „s 102b cross 

• walls,102c extending-in the vencahdirectton and^ 
toZ -mac at f ioht angles, and through,holes haying a regular square TOrm ^ ^ honeycomb 

30 structure 102, and a cathode film 105 -J"^ 106 is formed th-e. End portion 

an anodes acathode, but the-anode ^Pfflte^ . pe complex oxid e containing lanthanum, more 

Arnain-startingmate^ 
40 preferably lanthanum manganic 

Lite maybe doped with strontium,. ca ^ um ' ch <°^ a mixed powder such as nickel-z.rcon.a 

A main starting material of the <^^^^^2e6^. platinum-zirconia mbced powder, 
mixed powder, nickel oxide-zirconia moced powder P ladiu m * rc |atjnum or tne , ike . 

- ^^~=^====^====== 

preferably made of cerium oxide-based ceram.c.._ ^ . jle , comp , e x oxide containing lanthanum is pre- 
P As a main starting material for the """T^ 

ferred , and lanthanum chromite ismorepreferabte, •^^^ of the aboV e mentioned metals. ^ 
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so 



one of the electrodes and that corresponding toanSce'aSt^ CO " e ^*W°*™™c layer. oconsLte 

s ;/ cyanic binder and wa^^e^^^ 

polyvinyl alcohol, methyl cellulose, ethyl cellulose strch TZT^T acr >" a,e ' nitrocellulose, 

may be reeled. When the weight of the main raw ma e S'isTken i on JY""' acid 
fo . organ.c bmder is preferably 0.5 to 5 parts by weighT °° ^ by Wei9nt ' an additbn amount of the 

, ,hav,ng an almost rectahgu.ar sectional shape. The upVer^ 
an .n.erconhec.or ^^t6^' u J^ e ^^^^' a ^ 119 constitutes an anode 122, and 
to cover the anode 122, and wal.s 122e extend v« torn S J "'T ""^ A Wa " 122a horizo ' 1ta,| y e ^"ds 

of through-holes 1 23A are formed between the walls 22a and £.2? ,he Wa " S 122b and 122f A line 

* are forrrfed be. ween each o, the walls 1 22e and 22b * r0W 0f '"^h-holes 1 23B 
the walls 122a and 12 2e defining the outer penphaj^^^^ 123A and 123B directly face 
honeycorrib structure. ■ . P ^° Une anode 122 - The anode 122 itself constitutes a part of the 

Walls' 125b of the interconnectbr 125 verticaliv «t on n = „ . .. . . 
? the , andde i22, respective^ while the wails lisSS^SS^^^ ^ ° f •** Wa " S 1221 of 
1 25. A reference numeral 129 denotes a joint between Z anlil 11 " 9 a " ° U,6r * nd of the interconnect 

bythe w alls , 22bi122f , 122bancn 25a andSean^ 

A horizontal portion 120a of a cniin ' the ,nte connector. 

An under end of each vertical portion ^2 0b '^^t&^T SUrface122d ,°' the waifs 122e. 

• nterconnector 125. The so.id electrolyte film 1 20a Sb l ° <he StJrface 125c of »• 
the ceramic honeycomb structure 119aas*oht aST through-holes 123A, 123B and 123C, 124 inside 
of tr lte so,id electrolyte film 120, eZZS^J^^^^^ formed on 
portions 120b of the solid electrolyte film 120 ,he Calh ° de f llm 121 15 for ^don each of the vertical 

As a solid oxide fuel cell the nriZL „!!••• v B 0n 9 eneratln 9 electric power. ' 
case, the oxidizing gas S and 124. In this 

produced on power generation, so .hat the unit ce. is cooTed £K TV* ^ ^ Ca P ,urin 9 1he h ^t 
v.ewed n a longitudinal directbn can be made uniform - * ternpera,ure distr *"tion of the unit cell as 

125 ,s made of lanthanum chromite, the oxidizing S %Z^^JTV embodiment - if the interconnector 
s-nce the oxidizing gas can be fed into the th«uo^^ f ^W f ; hr ° U9n * 0,es 1 24 - ** By so doing, 
-ngly reduced and the thickness of the hterconnecto 125 ci b 2 T' *" in,erconnecto ' 12 * can be accord- 
further decreased. Thereby, the internal resistance ^ he Scan beTrfh IStance °' the interconnector can be 

In the second aspect of the Dresent inuont™ , ,Urther redlJ ced. 

in which the electrode anZ^^2 5 B ^*r^ h °'^ ^ ^ structure 
•he substrate of such a structure has a croslea^ZTe and f H * Pre,erab * Used F <* 

Further, the sectional shape of the electrochemical Z h S 1? StrUC,Ura ' Stren9,h is hi 9 h - 
-n the case of the solid oxide fuel cell, ^T^ZZsoTZ^ "TV *°" n h ^ 14 For exam P^- 
-s crcular as shown in Fig. 13. the fuel gas al^K^SS? Un " Ce "- " lhe sec,ional **P* <* *• ""it cell 
he co ntrary , if the sectional shape of the -«>lfo5^^T^ 1 '^ no, partici P atin 9 in th e reaction. To 
f uel-ut.l.zing efficiency is improved ^m'cal cell » rectangular, such a dead space is small, so that the 
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(Experiments) 



In the following, more specific experimental results of the second asoerr nf ,„ 

second aspect of the present invention will be described. 
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(Experiment A) 

(Production of a unit cell as Example 2r1) 



Abc^ywasformulat^^^ 

the average.partic'le diameter of 3 um,5 parts ^^^^^^Sri^ B l, de d body having a tubular 
by weight of water into a kneader, and.kneading the m.xture Th ?b^ 

s aped .50 mm in diameter and 300 mm in and a piston 

attached a die for the for^ 

was advanced in the cylinder to extrude the body. Thereby a c W^?TO'. Hi _ m 'r. er and 500 mm in length, and 
in Fig. 13 wa ? produced. This molded body ^ad an ^i^^^^i^S^rJen«r ty 

st^r^^ of the throU9h " 

electric furnace, and fired at 1600 O tor o nours "™™y » thm mh-holes each had an almost square cross 

honeycomb be formed ^Jf^^SS^ «- - - 

stabilized*^!* r^.r having fc«l5«*«^W™; Leycomb iture under «. 

ouipui gi *u rw. , ' > ' A cn»r fnr 3 hours in air inside thee ectnc furnace. 

the entire structure was heated at 1450 C tor 3 - .--^^ . Daste was formulated by mixing 

Next; a fuel electrode was.formed or .the ^ ld f^^^S^l^S a volumeric percentage 
ND powder, yttria stabilized zirconia powder and P*^^ J^*^ffi£^ a scree n printer for tubular 
of nickel being .60 vol, %. A film of this past.e was formed on ^ ^^^^^ elec tric furnace where 
' bodies. The thickness of the paste film was. 1 00 urn. Then, the ^^^5^0 for 2 hours. Thereby, a 
. thefuelelectrcdefilmwasformedofan^ 
unit cell in. Example 2-1 was produced... ••>... • - 

production of'On'll'cel'te' In Exarnplds"2'2 -C v,. ■ . . - ' 

" - ' Inordertoexaminingan ^ 

2-2 and 2-3 were produced in the same manner as in above Example 2-1. In Example i *™ ? - 
. «Zs^l»cL™^ mm, 'and that of the walls of the fired structure in Example 2-3 was 0,2 mm. 

(Comparative Example 2-1) . 

as an air .eleclrode A die cap I« .he Ion—on ot a '*"^o*was anach ed ^ 

bod, was then placed in the extrude apparatus. Th< > p.st« «»* ^^^^re =*od, substrate pipe 

1 5 mm in diameter. 2.0 mm in thickness and 300 mm in length. 

(El ctric power generating t st forth solid oxid fuel ells) 

ara tin n t st was effect d by using an electric power testing apparatus schematically shown 
An electric power generating t st was etieci o oy u y Fy amo | GS was placed between electricity 
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o. .h,™, « m and di^ec « side JSZTuJ^f^f™" «* "» — * 

onto ,he cow*., as ^ byTn arrow D " ,C " 0de ,tam in lh8 "* ancXfed*,,^ 

c°^C'C«aS m *" — ' - — * Power 9 en era „„ g 
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Example 2-1 
Example 2-2 
Example 2-3 
Comparative Example 2-1 



Table 3 



Shape of air electrode ' 
substrate 



Fig. 1 
Fig. 1 
Fig. 1 
- tubular 



Thickness of wall of 
honeycomb structure or 
thickness of tubular 
substrate 



0.5 mm 
0.1 mm 
0.2 mm 
2 mm 



Polarized value i\ at 0.3A/ 
cm 2 (mV) 



70 
30 
~35~ 
250 



* «^r^^s.r,?rsr ,he po,a,iMd — - ~~»» 

(Experiment B) • - - .\. ... . . .„ 



(Production of unit cells in Examples 2-4, 2-5 and 2-6) 
by weight of water into a kneader, and kneadingSm^ 

shape of 50 mm in diameter arid 300 mm in lenbtK On i>i? > * -ntoa molded body having a tubular 

parts by weight of a raw mate*? oowdTfo? EX.? ? ^ ' 3n ° ther b0dy W * S formulated »* char 9i"9 100 
by weight of methyl cel^ 

A,thtr~^ 

the body 139B for an interconnecto ^^^S^^^ T ^ . 139A . far m air eleCtrode and 
136B. A shaft 138A of a plunger 137A was moved to n^h L T . ° f res P ect,ve moldin 9 barrels 136A and 
^Bforaplunge^^ 

comprises an inlet portion 132a and an outlet portion I3?h Th , VJ d the d,e 132 ' The die 132 

134A and ,348. and a partition is P^ZS^ With tW ° in,et ?^ 

each inlet passaqe is circular The em** corti«n=i tl , Iniei P assa 9 es 134A and 134B. The cross sectional shape of 

.angular. Adie o! P lasTlS^^dJS ^ 01,1161 ^ h ^ ° Ut,et P ° rti0n 132b is - 

configuration of the S ubsSeT 19 in Fig utT^o Z ^ 3 SeC,i ° na ' Shape ^^ing'to the 

to 1600'C at a heating rate o^c/hour in thl 7. , ? y 38 dned 3t 10 °° C by usin 9 the ,he " heated up 
the substrate , 19 . 2 Z^^aS^J^k""" • ^ * 16 °°° C ** 3 ^ 
and about 300 mm in length. 6 mm V6rtiCal widlh " aboul 20 ™» «" fat ral width 

r«- r d s r in9 c r: ic honeycomb s,ruct - to be ^ 

on the remainder of the outer peripheral surfacJ hJ T ? V », W3S ,0rmed in 3 ,hickness of 60 
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^ Tn^ab^ihe thickness of the ^ walls of the 'hw^^oflr^Qth.^.l^^^v^ 

by changing the configuration of the die cap as shown in TableA , v : . 

(Production, of a unit ceH-j? Comparative. Example 2?2) •■• Vi z. ' ^''0-. '- 

a „» «ii ,n romnarative Example 2-2 was produced in "the same manner as in Example 2-4. In this case, the 
una J^Lv^ZlZ s own in Fig. 18 was produced by changing the shape of the die cap. With respect to 

(Measurement of electric power-generating performance), r . ^ ■ 

With respect to unit ce..e in Examples ^ K 2-5 and 2^ Comparative Example 2-2.. the output density per unit 
weight was measured, 'and measurement results are • h °Wj«*£ a ^ le ,*; . ' ... .' 





; Shape, of substrate 


. j rThicHness of -walls of. ait - 
• „. e lectsrpde jcontaetin g solids ; 
electrolyte 


Output-density per unit weight 
, ■ - (W/g) 


Example 2-4 


Fig. 2 


0.5 mm 


0.55 


Example 2-5 


Fig. 2 


C; , t v; Q.3 mm : 


0.81 • 


Example 2-6 


Fig. 2 


0.1 mm 


0.82 


Cornpar^ 


Fig 6 V 


""' V'.: 2 mm- ■ ... 7t ; , 


0.27 



As is seen rom the results in Table 4 ,.when the. substrate was made as ; the honeycomb structure «°^« J™ 
oxide fuel cell . r :- ; ..i.> J? 1 r - m,;-'V^ — : v^-^* ■ — rr: '' J: " , . . 



(Experiment C) , 1 - ■!..■■ - - ^. 

■ a high temperature steam electrolysis cell according to an embodiment of the second ™*f^^™^ 

c^accoSng to a compare example having the structure shown in Fig 18 was produced as ,n Comparafve Ex 
amP Ste 2 am was electrolyzed at 1000°C in the elects furnace by using each of the high temperature steam electrolys^ 

den £ and a h7e! ™» is °«"«""> *~ Si ~! * T °' *° ,aC " 9 

electrolyte can be thinned, oxygen generated in the anode can b smoothly removed. 
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Claims 



1 . A sintered laminated structure comprising a plurality of ceramir law^rc h*i„„ ^ < 

and a separator layer. \ P ' a " ar Shape " and com P"sing an electrode layer 

3. The sintered laminated s.ructure set forth in c.aim 1 , which is a ceramic filter to be used in a tittering device. 

passing said each of the ceramic la»»,TnH li?.^ ram '° laya,s 15 f " ovlda ' "« h «"0"*-toles 

separator, said ^Z^^^ZTJ^l^'"? T*" °° ' M *»' 8 "° 8 

.hrcgh-hote in each oUtre Jix^-SSS^SSSSJ*" 7 *" h8 * 9 h °' eS 10 '°" n 81 1,881 ° ne 
' «- « *. «m 6 „ 7. where, « ot ihe 



9 kSSSS^H^~ - 

simultaneously feeding *aid Sind trSSJffii^?^ 80 ,n,erconnoctor ' fo ™S a molded body by 
the molded body wherein SiS^tt ? f ' * 8 hone y comb cera ™ fracture, and firing 
having the ta2^££2 SSSX? 9 f ^ °' e ' eC,r0d0S 6f ,he el *<*<*hemical cell and 
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FIG.4 
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FIG. 5a 
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FIG. 7 
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FIG.9a 
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FIG. 10 
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FIG J I 
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FIG J 2 




64cr- 



EP O 834 949 A2 



FIG. I 3 
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FIG. 1 6 
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FIG J 9 
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